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DEVELOPMENT Of A C-BANO 
PHASED ARRAY CROSSCO-FlELO AMPLIFIER 

A. VikMk 

S-P-0 L«fc«r«H.'iM. lftce»paro>*d 

tmif mfk pfio* ifpwid of 
■AOC (IMATex OAF«. 

TIM *MMRII «•• MppartH hf %• 
kttmmiMi KrMArrk Pragma» hgmri 

■AOC (KMATt). CAr«. H Y   liA*0 
«AMCaMiwl »P   AF1««C2>-«J(U. 



rtxiwoto 

TMt final  Tachnlc«!  Oocu»«nt«ry Rvport  covtrt  th« work p«r- 
form** Hader  Contract AT yO(60S)-kGBS, AJIPA Order  No.   I36. A^ndMnt 
»0.   11.   fros I Narch  1966 to 31 Octobar  1967.     It   la pubtlahad  for 
loforaatlo« only and doaa oot  eacaaaarlty raprta*nt  tha racoaaiandatlona. 
cotwtualona or a^rov«!  of  th« Air forca. 

Ulla contract with l-f-D  lahoratorlaa.   Inc.,  Onion.  %** Jaiaay. 
«M tpoMortd hy th« Advanced lUaoarch froJ«eta Afaocy undar  tha technical 
dlractlon of  th« ROM Air  Dev«tojR*nt  c«ni#r, Air fore« Syttoaa  Pi—ml. 
Crlfflaa Air fore« !«■«. »ew York.     Opt.  I.   Duftola waa  th« tachnlcal 
■onltor  for th« progrw. 

Th« work w«a porfomod hy th« Croaa«d-flaid A«pllfl«r 
D«p«rt«Mt of l-f-O  •ahorocorlaa.    R    A.  La Plame. Manager of the Croaaed- 
field Amplifier Department, waa the project MMgar      Technlcel  aupervlalon 
wna perfonMd hy f.  A.  r««tln«r. T«chnlcal Manager of  the Croaaed-f laid 
AapHfler Departaent.    Th« atactrlcal  parfomanca «e«:u«tlon waa conducted 
hy A.  wiUaek.  frojoct  te«ln««r 

• 



S-F'D   laboratory Ute 

AMTMa 

The  purpotc  at  fhtt  tttort  v*t   lo conduce   a  C-tund  pMiod 

«rr«y crott»d*fl*ld ««pltflrr   pragr««  to deliver   •   tub« c«p«bt» of 

■uppiyin«   1  •«Rawaii   of  p»«k   paw«r  with «n *vcr»ge  pou»f   output   of 

10 fcltatMtt»   «cr   •■    «  ' 00 MH«  b«od  centvrvd «l   '   ' "   Olt       Th»  ««pHftvr. 

which   I»  dc   op«r«t»(l with control   «Ivctrod«  turn tiff.   !•   to bo p«cli«g«d 

In «   10  Inch di«»«t«r «Mgnvttc«tty  »htoldod p^rkAg» with  in.cgr«! 

p«nMn«nt  «wignvi* 

The  d»»ign «nd d«v«lo|MMrnt   of   thi«  tub« wctr  dtrvcll)' ba»«d 

upon r««ult* which w«r* obt«tn«d on •  progr«i conducted undvr  Co«tract 

AF  £5(602)-3633.     A particularly atgnlfl  ant  raautt   of  th» progra« 

undvr   that   contract waa   tha  davalopsant   of  a n#w «low wav«  «trwetura 

for broad band  forward wav« aapllftvr«       Thl* now atructura,  th«  halt« 

cowpl«d van«  (HCV)  circuit  Kaa dammatratad bandwidth«  In «rcaaa of 

tha pr«a«nt   rv^ulr«Mrnta.     Matching »tudlaa on  th* HCV circuit  hav« 

r«autt«d  In a vary good witch ovar  approrliMtaly  t CHi 

A cathod« •atartal   atudy waa   Inltlatad,   In which ■•v«ral 

«atarlala wvr« «HMainvd  for  thair  aultabllity  for ua«  In tha high paw«r 

dc  oparatad «apllflar      Of  tha •«varal  natarl^'a  a«««lnad,  an  i«pr«gnti«d 

tungatan aatrl« typ« producad th« bate  r«autta and waa awbt«qw«n(ly 

ua«d 

yc operation on a  vahlcla  In an «l«ctroa«gr.«t   thowad na«rly 

full   Int antanaoua bandwidth at  p««k  powar   l«v«la of TOO to 805 kilo- 

watt! at   a  pula«  length of  approalaataly  32 M*ac.     Thla  vahlcla waa 

•ub»»qu«ntly oparatad at  V9 CHi and ganaratad  I aivgawatt  paab  power 

and  10 kilowatt« of avaraga powar. 

fhaa« »«aaurMaanta w«r« parfona«d on thr«» v«hlcl«a   In tha 

prograai. 

Ill 



S'F'D   laboratorin, uic. 

TAILI of oamvnt 

t.O               Iniro«hKllon I 

2.0             DaMrlftlen k 

3.0             Tut»« Occtgn 6 

3.1 f low W«ir« Circ«l( 6 

3.2 Impm4mnt9 Hatching 10 

3.3 Cathod« H«t«rl«l Itodu« Ik 

J.k 0oott«t sl 

3.9   N*tn«cic Ctmitt 21 

3.6     riWM NMtttrtMHMf ?9 

fc.O                firtttrmmnte 3* 

5.0                Coocluilon» 55 

6.0                »««■■»•twU« Ion« 

iv 



S'F'D   lahcmtorüt. ine. 

LIST or iLunmurio« 

l T«rt«t   p^rtormßntm  •p.r I f lc«t IUIM   for  C-bsnä  phmtmi 
• rr«v  tr<f»6-tim\d  mm^Mtltr 

tchmmtie dtcgrMi of an S-f-0 l«ber«torl«a cro«t*d- 
field M^tlflcr 5 

SchMMttc of HCV circuit 7 

^            LlM«r NCV circuit  t««t«r g 

Oltpurttoo curvut for Typ« A «od Tjrpu t ICV clrcultt 9 

'            Circular «CV circuit It 

Hatch obtatmd  for flrat hot  («at vdilclo,   tub« C-MI 12 

I*prt»vad aatcti of Typ« A circuit   for ua«  In aocond 
hot   taat  vahlcla 13 

9           Input aacch for hot t««t ««hid« J35» «^«r h«li«out 15 

10            laprovad «atch of first hot t«at uPhlcl«, CP^I 16 

It               I«ltl«t   Mtch   for   flMt   dMlfO v.hlr 1..   0151 17 

12 Hatch of CISI  •ft«r «aa«^ly 10 

13 CutOMjr akatch of ahlaldad croaa«<S-flaid aa^llflar 
pMh«t« 22 

U             Draving of aagnatlc   t«at   atntctura gk 

15 Schoaatlc of phaaa brldga 26 

16 Dovlatloo fro« tinaarlty,   tub« G3^M-4> 20 

17 Delation fro« llo««rltr,  tub« 13?«-? 29 

18 Dwlatlon fro«  llnaarltf,   tub« J^M-t ^) 

19 A^llcuda of phaa« doulctlon v«ctor dt«ira« n 

20 rarfonaanea  for  t«b« QP^M 35 



S'F'D   kbomtmn, inc. 

. I Pww«r output  v«r«u«   fr«^u«ncy for tubo J^M 

22 Thaurn cKoroctorlttlca •• •  function of fro^ooncy for 

^3 PMM ••Mltlvtly to vottofo •• • function of  fro^uoney liP 

3k Powor output vertut  fro^uoncy for  tub« l^M-i ^3 

29 fouor output vorou« pouor  Input  for tub« im«? b4 

2f> V-l clMr«ct«rlttlcf  for control «Ivctrotf« of tub« 

ZI NrforMK« of tub« l^M-i M) 

26 PtrfonMnc« i«t« for fFO-rrr,  tub« 0151.  in Mincttcolly 
•hl«ld«4 pneknt« ^ 

29 Photogropb of MinottctitT «hUUsd p«cb*t«,  lnt«m«l 
«in« 53 

)0 Ffeototrtpb of tub« cr I. ■ngMttcAlly ibltU«4 p^kot«    5* 

vl 



S'F'D   labomtontw, inc 

t 0    IFffOWgngf1 

Ih* pwrpcM* of   (Ht* protfMi **••  to <on6u€t  «  C-b«iwJ plM»«4 

*rr«?  . ro«iedf jfiU  «■ftirtrt   profr«*  lo  dvllvet   «   lull»  10  Ik«  •»»•«I- 

ftc«ilo«i» öf i«hlbii   'A*  of   ih»  pr«ii«» fo«tf«c«. wfcUb «r» «uMMrlt^ 

In fifvr»   I       T>»#  fut>'   it  ■  hi   »,', htnd.   high ft*«k «Ml «v#f«i« |»aw«r 

0wipwi   C-h«fi4 «Mfltrur. wt«lrh !•  to h« dc  o^vraiMl with cooiro' 

*l»ctro4«  lufi» ott       In •Mtlton.   »h» Mk^llfUr   U  lo hv fMch^t»^  I« 

• tO*   <il«»»l»t   M«gn«(U«lly   •htvldcd  p*rm*nmfH   tM|A«l   |Mft«t« 

Tit« ^rlnclfl* of  4r   <»?*r«fl<»n and (anirol  »l^irod»  twrn off 

»••   flrtl   4«»o««(r«t*4 «t   L-t»*»4 on #   100 kw !••**   pcwpf   mit^it   luh» 

(fr»-r09).  tfoYotofo4 ««4of  CMUmd  Af  p(60?)-?533       I«  •>•• •*•*• k^* 

• ■IMMlod    IO   Ittho*   opOfAlInt   •!    IWf,    t- .    C- .    «O*   I-lMn4 

Th« ^catfn «nd 4ovotopM«f   of  thlt  twh« •?• ■off* dirocltf 

Mtod 1^0« lh*  rM«Ui which «wro ohl«tood on a  frrogrM cofktfuclo4 

Hi»tf«r  Cooiract Af  JO(6<e)*|633. «*hor# «n I-h«*4 10O In» pmk ftmm  mtt- 

pttl.  *to»4 h«M 4«  o^craiod  lwh# «*••  a-ir»lo^4      A f^rllcvUrlr  •Ifsl* 

rjc«i»i   ro««il   of  tho i-hond wotk «••  «h«  tfov«lop»oni   of  •  aw «IM 

••••  «irwciwr*   fot  hrood hond  forward »nrre  trnflttltt*       Thl*  »*• »If»«* 

i»ro.  iho h#U. c«*pl«l von« {«C?) clroill.  to* tfiwMsirolod MaArltflte 

In ••-••• of  Ih« prM#«l   lOf  ro^wlrwonia 

A r«iho4# ■■tott«!   clod? ptograi «••  InllUlod,   tn «rtilrh 

• worol Mtorloit WOT» ouMlfiod for iholr •Mliohlllly for w«o  In ih» 

dc  o^taiod M^llflor       Th, Mi»rl«)   •li^lo* «oro coadiKlod  1« •  (Mt 

rmhitlm which r»|>radtic»d iho cwrrm  dotMliy «Ml p*»*  pwor ohjocllwM 

f «hi» progr«» tools on on ta^rofnoiod «wnftton «oirii thcwcd ihlt 

r«fhöde «*!.rl«l lo h« co^ohlo of o^of «l lof oi Iho m»^mtt M** r^or 

Irvol «nd «l »rrmfl kltowoit* of aworot* powor wlih »lohU ofotoiioo 

Moirhii« atodio« on (h* KT circwll Mv« r»»>l!#d tn • *mrf 

good Mich owor •f^voiiMlolv 1000 MRJ TVO votcioM of tho WC9 tit- 

cwli havo hoo« tlodl^ In cold laol and ar* tdoniiflad at trf A and 

TTP«  R circwllt.     Th« vohicloo willMlood th* dc hrMlid<*wn »••« .  ohUh 

£> 



Cm*t  tf+t—tf ^ 6», cau 
Imfmtmmmom» *m*4ml4th (I Ä) 500 Wf 

fmk f*m,t omtpm i m 
Av«r«|«  pmni  owipwl 10 lw 

Ost« 13 • 
0illM4* ««lt«g« •« k» Mi 

Costrol  •iMtrotf« N^i •   «Inl^- 

IffUlMKT 

«mi— ^ 

Av*r«t* 50» 

ricmi |       Tää«T ruraw*(i»ci ificincrrmn rat C-AAMD 
nusrt) AJKAT GMifO-rtlL» ANniniB 



S'F'D   lahomtohf, üte. 

rr«julrr« a mMtimm hold oil at V> kv «nd « hold off of J? kv for • 

p«rlod of  «t   l««tt   30 ■Imilvt 

Ik   o^vrciton •»«•urtwvnt ■  on on« v»hict*   In an »IvciroMgnoi 

• how*d n»«rlr full lntt«nt«nvou« bandwidth «1 pnili pmtmr l*««l» of 

700 hw 10 8*i0 hw and avor«t* fKMvrt of r 0 kw to TS kw «t a pulaa 

lonflh of approataaialy   \.   vaoc       Thl»  vohlcla Mat  auhao^wantty oporatad 

• l    > 9 GHa   ta an alaciroMinai  and fonaratad  I m pmk  pa*vr  and  10 km 

awaraga powar 

Th» aagnallc  circuit   Maployad   In tha  final   daalgn   la • 

Magnvtlrally  «htaldod package  vhara  thara   la   llttla or  00 catamal 

flald drvalopad.   ao  that   fubaa mmf ha  atackad  In rloaa proatalty  to 

aach othar  or   to othor aagnatlc «atarlala.     Tha circuit  conatata of 

prrmanoni  Mgnata  gtacad on  top and boitoa of  tha aapllflar and tha 

circuit   la ancloaad by a aoft   Iron ratwrn ahatl 

A natnatlcally  ahlaldad aapttflar «aa coaplatad hut  «aa  capahta 

of only aodaat  pouar  output   {?O0 hw to  J00 ku pank)       Indlcattona wara 

that  tha cathoda waa   tnprop»rly poaltlooad  In tha  Intaractloo apaca and 

a  corractIon could not  ha aada on tha tuha Hafora th« progra»  funda 

war« aapandad      Th« tuha n«««rthal«aa «•rlfl«d th« ««gnat 1c circuit 

daalgn 

MMaa aaaauraKanti w«r« parforsod on thrro «ahlctaa  In tha 

pro^rwm      Th«aa raautta ara pr«8«nt«d In th« p«rfom«n a aactlen. 



S*F*D   labomtoruB, mc. 

2.0   oisciirtim 

Ttt« typ« of •■pllfl«r  ••l«ct»d  (or ihlt tattt  it d««criScj  •■ 

a reentrant  atrMm forward wava aapllflar  to a circular  fonaat which 

utillaoa a drift   ipaca batwaan tha  Input  and output wavaguida tanatnata. 

"*'*  reentrant  electron etreaa laada  to operation at  high p«ak  pover with 

high afficiancy.  and the drift  apaca between input  and output  aarvaa  eh« 

purpoaa of raaovin« tha IF information fro« tha reanterint alaetroo 

rtrea«.    #   echaiMtic of thU dawiee  la ahown in Pifur« ?.    It  conaiata 

ataantiaMy of a cylindrical alow wave circuit  aurroundlog • circular 

cachoda 

Ihm IF drlva power la  introduced thrcugh a :ar«ai!c vacuua 

window loco r.   »*d weveguida which couple« tha «ttargy wla  «■pedeoce 

traoafonwr« to tha alow wawa circuit.    A« tha wave trawala aloog tha 

alow weve circuit.   It «utracta aoorgy fro» a rotating alactron cloud 

which bfvoa la eynchronia« «rich tha phaaa volocity of the wowo on tha 

alow weve circuit.    The a^ptlflar algnal  la aacraccad in tha «aaa way 

through rldgad wvaofolda and 1« paaaad through tha output «recuus window. 

Tne alow weve circuit uaad  la known aa a half« coupled «MM 

(RCV) circuit.    Tha circuit conaiata of a  nunhor of active tact lone «hare 

anpllflcoclon tokna place,  and a nunhar of noo-propagating anctiona  in 

a drift apaca where daaodulatloo or dobunchlng of tha roaotrant alactron 

■tree« cakaa plac«.    Tha drift  apaca alao provide« IF laolation betwwen 

tha  input  and output   termlnel« of  tha  elow weve circuit. 

Tha control  electrode  I* aountad on tha cathode aaaanhly and 

la located  In the drift apaca.    Tha control alactro«.'  la pulead poeifivo 

w!:h raapacc to tha cachoda after the  Input algnal  la reaoved and 

collecta  the raantaring apaca charge to  terminal anpllfleet ion. 

« 



tow-«««« 
clrcatc 

Kf output 

V   Input 

TICmi  ■      SCHEHfcTIC  DIäCHAH or  All   S-F-D  UftTIUTOiliS 



S-F'D kkmmmim^m, 

UM  followi«! ••cttoat  ■•<   forth ih« ortmr of  th» tfoatgn 

prt>c«4«r«.     r«r«Mt«rt »uch •• op«r«iim voU«|o «ad curroei.  Madwtdth. 

• ffUlMcy.   •!■• «M w«l|h(   woro •MWIOMI  th«or«tlc«Uy  tn tmm   t*r«th 

C« ••ytor« fr«dMffa  In ih» «fatlg«.     lUvtitg  fUod ihm erlltc«! 4IMMIOIU 

•f  ClM   lM«r«««»on  «trueiur«,   •  CflMfUl«  ■•cK«nlr#l   tfoalf»   Uyout   Ml 

«•*•      rollowin« tlitt.  tlM «fWr of th« grofiortl«« of tho «low wo«« 

circuit  «I« col4 tottt cooU hoftn 

3.1    ft« JU» W^ ClmiU 

fro« th« oforoflni foroKOttr« «och «« voltogo.  corrmt.  powor 

output,   frofooaty,   tMio^wldth,   got« «fkl •fflcioticy,   • HPdol  «••* t«t«hiUho<l 

for tho <ll«poi«too ch«r«ct«ri«tIc «I ich wootd ho roiptttod '.• rootlt« 

•ttch porforMoco.    Awlyooa of th« hCV clrcolt «or« «»4« to «•t«bu«h 

critic«!  «ftaoMloea «och •• circuit  pitch, clrcott   («ngth,  »mi cothod« 

Maootar.  aarf  to «otoct  llM »u« «ai «hop« of th« halte«« ««i «•«•«. 

fro» tha««  «naly«««,  ao4ata of  tha circuit   can ha «»4«  to coafln« or 

ccrr«-»   th« (tlaavaioM  «alactad hy «aaaa of cold toat«. 

Tha cold taat  uorfc   lovutvarf   th« 4a«l|n «oH ««aluatleo of  two 

«•raloiaa (Typ* * •«■* Tfp« •*  of tho BLV circuit.    Tit« gaaoral  cooflgora- 

tIon of th« circuit,  «how« ie figura  J,   la that of a «aria« of «ano« 

couptad aiactrlcaltf hp a pair of raetangular hallca«,  ona on aach «i^a 

of tho «ana.     Ilactroaic   iMaractton occur« h«iw««o tha catho^«  «ndl  th« 

«a«a.    Tha daalgo of thoa« circuit«  I« h«««<f upon tha parforaanca 

ohcatn^ on lU l-hawl MTV clrcott  ««dar Contract AT  vHf* . '   f    I.    Tha 

C-haorf circuit« hav«  hmmn  *tm\m4  4mm   In  fMgaancy and  up   In poak  povar 

and «III  prwvii« th« o*«a«a«rp anoda «r»«  for auvrag« pouar 4l««lpatlo«. 

UM dlaporaio« curaa« for tha Tfpa A «nf trp« • PCV circuit« 

w«ra *»««ur«d oo  linear «odat«,     A  trplc«!   iinaar  «Mai of th« «CV 

circuit  uaad on th« profra« I«   «how« In rtgur« k.     Th«  tue Jlap«r«lon 

eurr««  arc  «hown  In fifur« J,     It  can ho «««n that   tha Typ« I circuit 

tm4»l  ha» a "flattar" 41«par«len (uaa «or« dlaporal««)  than tha Typ« A 

circuit ■odal.    toth «od«l« ha4 «da^uata haaduldth to floot th« oporatlag 

h«nduldth ra^lr«aaiM«. 

m   » 



Van« 

■•ItCM 

Ficutt 3   scHcmTic or »cv CIKUIT 

Th« MralUl IMUCM «r« »—4 for »ymmtry 

• 



fiQowi *■   trMua wet cnonrr Tttrtt 



9r- 

B 

8' 
mm Optratln« 

14 th 

ko 
. _ 1 

60 0-1 

1%«««   •hi' 

100 120 

pmr McCiott - 4«tr««« 

1-. \6o 180 

nom 5   Dimwiai anmi ro% rm A AVC rrrt B HCV CIICUITS 

mmmm^mmimm 



S'F'D   hhomtorim, wie 

Circular cold  ft aotfcls of both circuit • wir« thon built  to 

further conflra thotr 4ifT»ion and  interaction  la^danc« ch«r«ct «rl .t u. 

A  photo|ra|>h of •     IrcuUr cold tatt aodol   It  •town  la flfur« 6.     Tt>o 

lofKit  «ad output eo^lln« port« eon bm  •••n oa •ith.r aid« of th«  »eltd 

drift  ipac« portion of ch« circuit,    thm dltportloo eurvai uara ag 

predicted  by  th«   lln««r  aodals.     Interaction   lap«d«nco «aagura—at> wuro 

■ada oa   <ath «Cf circuit«.    Ttiaia aMouraaaM« uara aad« uli« dlalactrlc 

porturbetion of th. alaetrlc  flatd«.    11»« raauttt ahou th«t  th.  tat«r«ctlea 

lapadene« of  th»  Trp« ■ circuit   I« higher  tK«e thet  of tba Typ« A elrtult . 

A part of thla  lacraaea  la lapedanc«  la du« to th« "fletter" dlaparaloa 

curva of tha Typ« I circuit       1%a  lataractloa lapadava of a circuit   I« 

lav«r«aly proportloa«!  tp'ltf grovp velocity aad  the frwip velocity  la 

gtvaa by tba alopa af tba dlaperatoa carva.    A «PI. attalflcaa«  portloa 

of tba  Incraaaad  la^edaaca  I« da« ta tba dlffaraat  dlatrlbutloa ef If 

aaargy oa tba Type 1 circuit  reaultlat fro» tte dtaaaatoMl coaf Iguret loa. 

3-?   lm**pc» mtcbiaa 

Old t«at «orb «a« eaccaaaful la eatabtlahlng that tb« dl«p*ral»a 

rare« of tba circuit aodala uaa eorract «a far aa ««aid be detemlmd pt !ar 

ta tb« «valuatloa of th« circuit en hot taat. Since our plan wea to lac«r> 

porete the Type A circuit lato the flrat vehicle acheduled for bat taat. 

the ■atcbiag effort oa tS«t circuit aaa gtvaa priority. Tba aetecfloa of 

tba Type A circuit waa heaed upon lie balag laaa dtapartlaa then tha Typa • 

circuit  aad It«  interectton lapadanc« «Ma ballaaad ta ba adagaata far oar gomlt 

Tba flnt bet  taat aabicta, daalgwtad CP*m. aa« aaaa^blad bafar« 

aatehlai  attMilea  had been eoapteted  la order  to a««« • prellalnerr  valu- 

ation af tba electronic  deelf» ef tb« eaplifia.      11»« circuit Mleb far 

GST* la abown ta Figur« 7 «ad ahovt that  tb« circuit  1« aaabla ealy «ear 

th«  towr portion of th« r«^ulr«d 9p«r«tlag bead.     iBprtn—«an aara 

I« tba circuit aatch  fettowlag tba ceaatractlea af C^m. 

The  l^revad Typ« A circuit  «atcb ylaldad e return 1M« curve 

•beaa la flgara 8.    Tba •neauraaant  «hew«  tb« MriMUai reflectlo«  fpaa 

betb   Input   and  output   clrealt   aatcMa       T>>aae   data   aNo«  an »veraga 

return laaa af «pprealaataty  15 A over aera tbaa 1000 Ml«.    Tbla typa 

ef aateb cb«r«ct«rletlc u«a  felt  to b« t»>(e aetlefertery.    Tbeae 
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S'F'D   JoAomtofWi. i*t 

• U«,   rowpl»<J  wich «rr«pt«bt*  hot   i«st   rvtutt«  Mb*«^MMly ohtalMd 

»tth th« Ty^. A circuit.   1*4 to rh. tcmlMttoa of Mtchii« «rfortt »ith 
th«  Typ«  • circuit 

I**   MCOMd   t«tt   v«hici«.   4«*lgMt«4   1331,   *»•  built    If^orpnr.t Jn, 

th« i^rovW Mtch.    Th« return loss roMtlts «or« .i.n.r to thoM showi 

!• rtt«r« 8,   I.«.,  mn «vorst« rmtvrm loss of 15 A ovor sf^roslMtoly s 

1.2 Ols h*mi.    THos« 4«cs slso show »ISMtch cotfrllntttoM of both lo^ot 

satf ooeyoc «nd  inctuds th« sffscts of s Nil  lo^th ctrcun 

TS. tklH cost vohuis. «oslgMeod J?5i, wss huitt hT so twtslis 
▼•odor with th«  latootloo of doooloyl^ soothe soorcs for ths swds« 

TW voa«or*a  ino.^n«»« m this try« of oorh rooslcod Is so «ood« thst 

••s 00c  .trwtur.ll, porfoct.    UM ovoroll rosolt MS S wich thsc 00s 

cooaldorod oMhls hot tllthtly  loforlor  I« co^srlsoo to th« othor 

yfhidm*      TH« wtch Is shoo« to rtforo  9.    Ih» first hot tost vofelclc, 

0?». MS ra^iile to loeorforsts tko im*m*s much «M tko rotor« loss 
rosolts oro show« lo fLgtrm 10. 

!%•  flosl  ittlfB hot  tost «ohlcls, CI51, oss built  «Hth  input 

»mi erntet HMIVUM h&m  to p«rait  thoa to ho ooclosod hy ths Mgaotlc 

clrruli       lolClsl «steh rssolts  for  this vohlcls srs shorn  In figur.   11. 

Ucor m^teh d«t« ohtslaod 00 th« »«hid« |«st  prior to hot   tsst »ml 

**m im rigtir«  1^ srs foor«r »hoo ths  lolttsl rosolts.    w«  tutpmtt  that 

tho clrcolt mmf hooo boon tn^hfr d«Mg«d during »ttw+lj,   sloes aNWl 

hosdtlot 4»— set  prodocs «och pronouw«^ ch«f««t  to tho ostch. 
3.3   Cdthodo Hotorlst ttodloy 

A protroa «ss lolttstod to which oooorsl Mtorlsls «oro 

•««otnod for thotr soltshlllty for «so lo tho dc opor«t«d high pMw 

crotood-ftotd  o^llflor      A mmtmr of stodlos ho*« b«oa mdo  lo tho 

pMI   to mmim watmUU for thotr  •«ct.wt.ry MU.IOO ptoportlos. 

mm#*mr.   It  Is NIC  thst  tho rosolts ohtslnod «r« ootf ooofol   lo 

cotolofltot  thooo astorlstt.     taporiooc« ha«  «hown thst  tho  roeoltt 

ahtalood   fro« e«r«ftillr ee^r«nod   ••conrf«ry «oittto« tosts do aot 
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S'F'D   lahomtorui. inc. 

iwcctMrity tndtc«t« how th« Mt«rl«t vl 11 b«h«v« in th« «ctu«! op«ractt 

»nvtrotaMnc of a cro«««d>ft«td Mpllflar.    It wat felt McctMry that 

th« MCarUtt  to (HI  investIgtta«! b« ttudiod  in an «nvlrorwnt  which 

4uplic«t«t th« conditions 9mpmctmd  in th*  fin«! design.    Th« itoct 

s«puri«r d«sign swst b« cap«bl« of operation at high p««k and high 

«w«rag« pow«r siault«n«ously during a r«l«tiv«ly  lot« pula«. 

To obtain such Inforaation on cathod« SMtarials,  • progr«« 

w«a p.ann^J which utlllt«a • high power backward w«v« as^tificr «a the 

t«at vahlci«.    TH« wehlcl« used wes the SfO-^l C-band eapltfier which 

operate« with a  30 uaec pulse and delivers peak powera  In «scee« of 

t m with average powers In esceea of 1.^ kw.    Th« test vehicle was 

rehwltt several tlae« «o that  the asterl«!« lovestifeted were teated 

and coopered with the  least ar-^er of variables. 

It ehowld he pointed out thee a cathode Mterlal  thee  Is 

■uicabls for operation In a cathode pulsed tube la not  neceeeerlly 

»eeble In en tF pulsed tube (which hea e dc voltage applied),  becauae 

Che letter ceeoot operate aatIsfsctorily If the cathode «sie« theral- 

osicelly.    The cathod« ■et«rlel  «wUeble for use In s high pow*r 

crossed-field a^llfler atlllslng dc operation shovld ideally heve the 
following cherecteristlca: 

1. A relatively high secondary eolaalon ratio (a) at low back 
boMbsrdaeot  «oargy  level« for eeae of atartii«; should be 
high enough so that  starting deleya do not  exceed two or 
thr^a electron trenalta around  the tube; 

2. th« aecood unity croaaover of the secondary «nission cherae- 
terlatlc shotild "ccur at relatively high hack bonhardwnt 
«nergy levels for high peek power operocloo; 

l.       the «urfec« of the  ««condary «Mlttlr« «Mteriai   should b« 
stsbl« and  lneen«ltlv« to breakdown during electron 

I.       the  themionlc «•tssion fro« th« cathod« durii«  th«  inter* 
pulse period  should b« nlninuai even «t  slightly «lavatad 
taHseretur«. 

n 



S'F'D   labomtorwt, tnc 

UM (Ml proc«4«ir« «MI 6m»lgm4 to Indie«!* IIM  lisle« on 

•mpntimr o^ratioo  l«|*>a«*j by  ihm c«iHod« MCcrUI.    Ihm prtHMur« Mt 

CO tlrtt  «volooco tho mmmimum currant  bonndary <lurtt« high p^wnr o^oratlon 

•C  (Nil pylM width at  thro«  fr»quemi«» covcrii^ tK« b««d of »^«rAtlon. 

Hi« coctorf« aacarUl wo« thon furthor ovtlwotwl hy o^r«t|<Hi .f  M,h 

pook pownr «nd   tow «v.rag« pownr,  whll«  k««^t^ ih« ciithcH*« t«^or<itor« 

vory  low.    Obi«rv«tior« how« tadlcotorf ttMl  under  thi« tr?o of Oforotl« 

condition    tho eottod« «urfoco con roodlly k« «trlffod of oMltr*^ 

«itorUl or my hm concoalMtod.    With thorlat«^ tui««t«n or ^rltan 

laprnMtnd c«tho<U«,   tho «niturm antorlol on th« «iirf«cn con hm 

rofUnl«h«d hy opnrctton «i  olovoiod coa^crotor«      »ov#*#.-,   th« ht(h 

to^orttur« -tfto produeo« thnrmloalc ••l««lon «Alch cowvt k« tolorotnO. 

«■• Mtor.ol t««t«d «M« a tun|«ton mtri» iwymf* mtth • 

korloB coapoiMd.    Thi« «ttorUl  la «««d wh«r« ^rlaory «adaalott m»»t ko 

a «Inlma.    T*a  Initial  roanlt«  tndlcatad that  thl« Mtortal woa copokla 

of Mpflftag tha nocaaaorr cothodo c«rroM at  foil Oforotl* eo^ltlon« 

with cjCwd» t(«p«racuro Mlotaliwd at   loaa than JOO'C.    UM «okUU 

•M oporatad at  |Mak power« w«n   In «acoaa of  I No at aworai« ptnwr 

output   In aaeaaa of 5.5 1M with a SI mam polaa  lo^th.    UM «at»»d. 

4i4 no-   ««hlblt   «nv   in«c«bi 1 it !•■ aftar  It  had  «gad durim  tho  flrat 

tell hour of oparatlon.    Tho Ufa eopoblllty taat did mt   tndic«t« any 

choaiai  In «ntaalon under th» noat   «awara oporatli* eowititona.    Paat 

•xparltnc«  h»d  «howt» that   «oaw   formt  of  bar.ua  i«|ir«gMt«d  cethod«« 

fail «ft«r only oaa or  tt« hour« of oparat'.on under  th««e eoadltlow. 

T%o toata oora aofftclantly  inforwitive to auuaat  tho uao of thi« 

wtftrlol  to tho flrat hot  toat valilclo.    A continuation of «w«t<Mtiona 

ia tho SFD-?1!  we«  thoroforo fall  to ho of  United walwa.     TH* c*thad* 

■atariat atodla« would,  of courca.  he r««u«Md If toata on tho nrogroa'a 

dc  operated  «o^llftera  indicated «ny  aorloaa cathode d*fiei»nclaa. 

K> 
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S'F'D   laboroton*: inc. 

Tfcr«« «iMMRft of  the amplitlmr rvqutr« cooling;   th« «nod« 

(fltow «•«• circuit*,   lh« c«it^d*,   and  th« output   ceraslc window.     Th« 

•nod«  «ad output   wlikkN« can bm  cool«d   In »   relatively   atralght(orv«rd 

tmrumt.     Th*  cathod«,  which op«rat«a  at   hl|h volcag«.   raqulraa  «ddltiOMl 

co««l4«r«clen In  If« cooling h«<«ua« th« cooling «poc If lc«t Ion r«<|ulr«* 

ih«t  CM coot«nt  h« «I  ground ooi««tl«l  and that   th«r« h« on«  Input and 

on« output coolant  coonactlon.    Tt»'i  It accoopllahad by ualng a high 

r««Utlvtty coolant and a cloaad  to**« roclrculat ing aytt«« »tth a haat 

«■changtfr.    thm Input and output coolant conoactlona «r« at ground 

pot««ciat. 

Th«  input u«t«r «nt«rt th« packag« at  ground potantlal  and 

foaa to th« output window.    Th« wat«r  l«aw«a th« output window and  i« 

cotwKtad 10 th« cathod« through  lnautat«d tuhing  long «nough to provld« 

iMmtatlo« fro« th« cathod« potontl«! «rich a otnlaua of  laahaga current 

thro«4|h th« tuhing and th« COIMB O? coolant.    UM coolant  than cotwt 

in dlract   contact with th« coocrot  «loctrod« and cathode  to prowida for 

«fficl«nc haat  tranafar and gr«at«r thonMl capahllltlaa.    Th« coolant 

t««w«a th« cathoda a»»a^»i» through aneth«r Inaulatnd tuhing»  alallar 

to  that   enter tng  th«  c«lhod«,   and  antara   the   anode  block.     Tti«  coolant, 

«ow at   ground  potential,    leave,   the   anode  block  and  ««argca   fma  the 

pMhaga. 

A  flow rac« of ?.5 gat/ala at   3^ pti  pr«aaura drop Ma 

adafoata for th* «opllflar and hald th« bulk t«Hp«r«tur« rla« of th« 

coolaoi   to appro«i«at«ir  %'C at  th«  10 In» «varag« pMMt output   l«v«l. 

^I^tic ^ircwit 

Th«  progr*« require«   that   tH*   tu^   d«ll««r«d  be  packaged   In 

« T naainu» dl«n«iar ahlald«d atructur«.    The haalc pacbaga daalgn la 

ahow«   t« figure   IJ. 

Tho ««gnat« waad  In thla trp« of configuration ar« cylindrical 

and abut   th» «nplifivr hody Itaalf on «ach aid«.    UM r«tom path for 
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ihm   flu»   It ffOvU«d hf WMIM ot •  tofe   Iron «IMII trfitch »ttrrounda  thm 

•mir* «ttM^ty.    TIM tfctlgn of CM ■•gMl  an) ■htvldin« «hell  !•  «och 

«h««   tMlMf« fttta •d)«e«ai  to ih« ■hUtdtng  •h«ll   i«  MMII «aPt^ fo 

f«fmU  «■pllflcrt fo M ofwrnt*«! •4]»ctn  to ««ch oiK»r «tchout  c«««t«g 

■utu«!   tM*rf*r«ac«. 

T» «vattMit« verton« ■•(••tic ■•«■•irU*,  • «ig««!!« mid 

(••(•r «•• 4«tlgiM4.    Jhm Mgfwitc «irvrtal gt««w4 for th» g«cfc*g« it 

Alnlco V-?.    tlilt atgiMdc «•(•rl«t «•• cbotcn «t OM wliich ht«  tufftrivnt 

co«rcl»t  fore« Mi  fltta iofMlly c«|Nibltlty to drtv« thm air  gtp r«g«tlr«4 

«Alt« •(  IM t«tw  t la» will b« gt*l(« r««4ltir «vtlUbU  fro« aor« th»m 

om tufgtUr. 

TlM   flrtl   (••!   •tractor«  rototlad   in •  ftkaf  vblch wtt   r 

I» 4l«at(tr •M •gfrotlaatvly 2V   long,  »mi  It tl.<Mn la flgot«  U.    T%« 

|Mir( tcwltr ■■gMtt c»»oto« wort «do^tMft to provld« the  rofolroi  fl«n 

4«t«lly to th« g«g.  Nil  •!  thm mmm tlmm wmrm not  •4«^tt«t« to «tf^ly 

th« iMkag« (la to thm thitUini tNctt oMch raoottoi fro» ttM gonwtrf 

cho»»n      Thi«   IM»I«|»  ftmi c«o««d  IM «igosc  ■wttrttt   CO oorfc  tt  • higbtr 

ft»  <Stfkti(v  thte totUlfMind  tiy  rtMilt»d   I« t   lower  coort lv«   fore« 

wick «blcli Co grlvo  th« g«f.     Tfclt,   to «wro.   r««olC«4  le •  lowor wmfmi 

fi»id  m thm ftf ihoo no« ro^wlroi. 

A(c«f ••«•Mlvo •fforc to raloo cho floU lovot  im th» gtf 

«•• aoc  tttcc«ttf«ill  Clio ooly «tcorMClv«  l«fc «#•• •  ltri*r gl«wt^r 

•tMll,   I.«.,  •  \rf outmr 4%mmt9f tMtt,   to ordtr  fo rodwc«  iM  «KM#et 

of  lt«k«g«  flat tori ^«rolc   thm atgeoct Co oforaco vltll t Mghor eo«rtlv« 

for««. 

Thm   Itrgtr  gloaottr   «htll  oot  «vtiaotod  tttl  th»  rt^wtred   field 

»tt ohctiood.    Th« aMgiMtlc  fl«U In Cko gog la M» g*«*t Co bJOO gooat. 
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S'F'D   labontorit*. mc. 

Xhm pHmmt  wuHurwmmaf «Mr« m*4m %*mltm  •  nutt   4«f«ctlo« •cttvd 

■hovn ■ch«MM( iral |y in figure   15.    Ihm mmmmrmmnt   t>*tlna by hmlmmlwg 

thm pt%»9m brl4gm (•dJusClm  It   for • null)  uiitm «>»• pr»<l«la«i •ICMMMCOT 

(R) «ad the |rtM»« »htfivr (C).    PM null  It ot»«rv«4 on nn ••«ItUMOfn 

which dlifUy« 4«tnctnd founr output  of  ihm brUg« •■ •  function of UM 

for ihm put»«  length of  Internet.    Hilt  Inlttel t»«|«nce  U e%inlM4 «Uli 

the nnflifter opcrettng under e preecrlhed eet of coMtlttone.    The 

m»»wmmm procM4e hy tuning the fu~ (cheggt^t thn If 4rlee frnfuency) 

ecroee Che oforetlng hend  In e eufflclem   mmtut of  fre^uencv  incrtwmd 

to Ineure the deelre»* eccwrocf.    Xhm enmtm  of pMee ehlft  for «och 

inrr«wnt   U tm»4 dlrncll; tram the pMeo ehlfter efler noch «nil   It 

ohtelnnd.    The prvctiion mttrnm—ton uhlch ere eot   Inltlelly to hetence 

the "T" need not  he changed efler the taltUl eeidgg •»•«• Cfew «Hilt 

eagtltude eerletfonn oheerved o\«r  the hend do not   ugeel  the nccurncr 

of the •MMtr^dkOC . 

The conpownt« of the ghee« bridge ere cerefulty eelected 

'thet   lgf high directivity dlmctlowl cm^lore,   loo vm etiMMOtore, 

etc.) to reduce the ^••tbillty of ether ■mur—ent  error«. 

h»nMlt7,   thm <i*vi«iloe tram llnnerlty !■ ohtelned hr gtotttm 

the mmmtvTmd  »«%«•«   vertu*   fre^t^nrT   rMracter lat Ic.   hy drwitm   thm  heet 

•trelght   line  through  thm goint«.  end hy ohcnrvlnR  the  gunk devletlon* 

uhich occur.     TH. uee of e  *tr«tgM   linn et e r«r«r*iu«   tram uhlch te 

oh»mr*m the deuletlont  It uelld  for only certeln coitiittoiM.     inceuce 

of the «eeturt^i tytt«» wed here «nd the relttlirely  Iwge bandwidth 

over «Alch the ftnr—nt   It «ode.  en eltowencc «utt he «nde for 

cw^retwe In the dltgnrtlon cherecterltt let of  the oeungnlde. 

Cureetur« dun to the dltgortlon cherecterlttIc of the 

uev^ulde cen hn  «roUvd by   Imertlni  e^ue I   iengtht of wrregulde  In 

both tmu of ihm bridg«      f« do ne would retult  In e u«ry bit»» rete of 

chenge of gheee vertut  frtgwency  In the autgut  of  the bridge 
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S'F'D  kkontwm. MC 

th« «Uctrlcat   Ungih of  ih« M^I trier u«d«r  CMC wih«t on« of  ch« brttfg« 

•rw aucb  l>«t«r  iK*n :h» other.    1>tls «*••  felt  to hm • prfhlmm tine« 

frv^uvney   lacr«M»nCt would K«v«  to b«  cho»«n  twh  that   th«   tncr*«»n(a! 

ffc«M tklft wooU k« U«t th*« IBO'  to ovoid a^liulty  In ih. ph»,m 

•litfior ?■■«■■!.    I« oMttlo«.  thm total vsrtotlo« In pktM rootflm fro« 

<MW «öd of  tti« bond to th« othor wowld ovmnt   to •ppro«la*t«ly  !600*   *mt 

tbtt oovld frooMR « «trAlflitforward dtafUy of data.    Ona «mid, of 

oovraa,  attract • ttral^ic   llaa foactloo fro» ttia aootarod  ratmlt« :o 

I«** «•  »<»r  (Ma.    UM ootHod ehoooa la daaerlb*^ *alow. 

A  taaitb of «awoffvld«  !• oddod  to ttia  lapat  ars of tha brtdg« 

•ocb tkat  lei  lootth «Ml dlafartloa will craata for tha tapwt »wm 

•prro*im»f\', tlM aaM rata af clM«ta of pliaaa wttk fra^ar-• a« HM 

a^llflaa, «idi ttt alactrl^l  tamtb ood ditforaio«, wowld prv/mm la 

th« output   mwm af tlM brldga.    Ulla  laadt to mm Hawl^ unequal  mmmnf 

of wowofvldo   la ih«  »rmm af th« brldga.     If oaa  imii  that   th« 

«■aSsfior M t«al  war* porfoctty  llaaar,  tha owtpw« of tha brldga mmfi 

im this way would not  b« a ttral^ic   llaa,  hat wmld haw« corwstvr« e*uaad 

by th« wawafwtda dlapariloa eharactarlitlc.    Th« p—k dovtatl«« af thu 

cvrva «taadard ha* baoo calcalatad ca ha appro«laata!/ 6*  fraa a 

•tratet  llaa. 

*4d4tlOfwl  contribution to eurwatttr« was prawlously  lonmif n ij 

It «•• ea«»«d by th« «a« of  aoaa w«¥««utd* coofwnaiHt   1« ona ar« of tha 

brldg«     prmKl,iot\ •ttcoMiort   »nä   phat«  ahlftar) «ada «1th  HHlt«r  »frtd 

wowagutda which  it «M« dl«p«r«lv« la tha fragwaacy ration la which  It 

«M« halag «»ad  than noraa I C-hand w«wa«alda.    Hilt wat  awha^gwaotly 

cerr«<t«d  hy adding   «tu«!    length«  of   tha   »««a   ' rp*  Of   «Mrv»«uid«   to  tha 

ethar brldga am.    0a Ifaal  th« oaly contributor  to cwrwatwra  ww  It  th« 

diffaroaca la taaftli af c-b«ad u«v«guid«  in ««ch am. 

TS«  «•••ur*d  data  ara  th«n coop«r«« with  th«  cwrved   atandard 

af tha brldg«.    Ttia raaatta plat tad aa d«vlttlo«a  frm tha  llaaarltp 

for ihr«« *.hicloa la n««ra«  16,   17, aad  18.    lath oparat it« 
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S'F'D   Uibcratorut, uic. 

• od noo-op«r«ttnt *♦»«•• tof «r« •hown  in th«  fliurai. 

tl»« d«C« r«VMl • «fltelocc  p«rlodlcliy      Jh* p.rlodlclty could 

•rlM   trxm thrmm  pottibl«  •aurc«a   in  t h« M^llflcr: 

(1) atltlpl« rcfttcttOM e««M«4l by ctreotc aigMtclMt; 

(2) «Lvtronlc   fMdbcck  fro« ourput  to input  through th«   drift 
region; or 

IF foodboek  fro« output  to  input  b.c.u.« of RT circuit 
—»llni through th. drift  »poc«. 

Hultlpl. rofloctloM frtw circuit «iMacelMa would produco a 

porlodlcltjr In th* »«.ur^d d«t« corroapoadli« with th«  fr.^uoocy  lnt«r>«l 

r.qulrod to chong«  th. •loctrlcol   longth of th« i^UfiOT by  180". 

Iloctronu  foodbock «ad Rf foodbock uould product th. porlodielly 

c   rr..poodtng  «1th   th.   frofumy   Int.rv.l   r.qulr.d   Co  ch.ng.   th. 

•tMCrlMl  Untth of eli« Mb« by 360*.    Circuit mimmtch •tfet; 

tborofor«. uould produc« tvle. th« mmtmt of rtppU. o««r eb« fr^Mwy 

band •• uould .l.ctronlc or RF f.«!b.c.      i^ porlodlcUy ■M«ttr«d 

corrcspooda »Kb «Ittwr .Itctronlc or tf fM*Mk.    Urn»  fin. .tructur« 

•PP««r. on th... dot. ubleb v. b.it.v.  |, r«i«gd to circuit .iwitch 
•ffMtg. 

•Hi« rippt«  lo th. d.t«   !• b«ll«VMi  to h« Rf  f««db.ck «nd  not 

.l.rtr^nlc  fli^lrt fro. fta lollcwi^ .rg««:  th. p«rlodlclty U flr.t 

of all obgoTMd o« • nonMspor.tlai tiA«.     If,   fro« th... 4«i«,  on« 

c«tcut«c«d  tU circuit   ln..rtlon  logg of  th« drift  tpec.  om e«n 

pr.diet  th. «ffocta of RP foadbock la an opanti^ tub« acc*rdl^ to  ita 

imml  of  gem.     iuch .  e.lcul.tlon MI.  «idr  .»•  .   ■uh.^u.nt   ..p.rl-nf 

conflr»d  that   tb« «apllttH« 9f th. rippi. obt«r.«d uaa a function of 

tba gal« -t «Uch tba Mplifi.r opar.tad «nd tbat tbara mm a r«aao«abta 

• ir—•.m   limilg pr«llct«4 and «M.urvd   Ir».!..    w. »oald tmm .»p«ci«d, 

If botb Rf «ad «l«ctronlc  f««dk.ck v.r.  pr..«,t.   to b. «bla to account 

la Cbla «ay for only a portion of  ih#  *npUtud. of th.  rtppla.    Our 

e.lcul.tlon. no« accouac  for asarty rll of th. Mplitud. of tba rlpyla, 

.nd wm  thonfor« b«llava tb« aff«ct  to b« om. of RP f.«dh«cW. 

^ 



S'F'D   labomtoru». MC 

It»« pr«dlctlOR of KP f«*ib«ck «ffMCt  i. tlMMi i« pigur«  19. 

If   w.   .dd   to  •  v.ctor   r«pr«..n(tnc  tho  V   Input   yolc.g«   to  th«  M^llflor 

• aoth.r v.ctor roprooonttnt IF f««lbocli, wo coo coMtmct a voctor 

«llagro« ot  «hovn  in tho  fliur«.     Tlio o^titudo of  tho oddod ¥o<trr  !■ 

0 function of I,  tho i*ln of tho o^llftor,  ond a,   tho toolottoo or 

• ttoauotloo of tho drift »oction fro« output  to input.    P»T flood golo 

•nd   itolation.   th« ph«so of tho oddod voctor with rospoct  to tho HP 

input voltogo ultl choni« continuously with fro^uoacy 00 thot  tho oddod 

voctor will oppoor to rototo «bout  tho tip of tho IP voltogo voctor. 

Tho muimm phot« dovlotloo producod coa ho ohtoSnod dlroctly o« 

9 • 5ln*1 ,. 

If «M ••■««■ thot  tho rtpplo lo couood by KP fvodhock.  wo obtolo « ood 

< fro« «ooouroM« on o noo^porotlot o^llfior (lo which thoro coanot 

ho «loctroolc  foodhoch offoeto) ood eoteoloto   o.    ty tho« ootlgnl^ to 

R v-luo. «dilch It will hovo durlog oporotlo«, wo coo prodlct uhot tho 

offoct   thould h« !■ 00 oporatla« oqpllflor (K for 0 aon-oporotl« 

•■pllflor U rho lM«rtln« looo of tho o^lifior). 

Tilt dovlotlon« »««urod un tho vvhlclot ogrood elotoly with 

«Mi thoory.    Ao 0 rooult of our ■ooMroMM»,   It «ppoar« door thot 

further offort  It ro^ulrod to lacrMo« tho circuit   loolotlon hotwoo« 

output   and  Input  thmfb tho drift  opoco.    Thlt My bo doM hy phyolcolly 

o.torla« tho atteh ooctlono to tho «pllflor to roduco tholr couplt^ to 

tho drift rogluo and/or by  lorroducli« additional   lo«a In tho drift 
• act loo. 
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S'F'D   labcratorin, u%c. 

.0  fttrmmmx 

UM first tfü-?j7 vvhlcla« to uadtrfo »»t  t«st ««r« ■•d« with 

•  »tcKanlc«!   dmnign whteh,   with  on*  •■caption,   p«raita   It   to  b« u««d 

dlractly  la th« «hlaldwl panMfMat ■agnat  aitaably.    THa oaa ««caption 

I«  th«i   th«   Input   and output  vavtfuldaa war«   laft  aaarging radially 

fro* cba tuba, aharaas in iK«  flMl packaga daaign th« W«V«KUU)«I w«ro 

bont   along  th« cathod«  «■!•   CO  aaarg« axially  fro« th«   packag« 

Taat proca^uraa for tha fFI>-?T7 woro davalopad and ara tfoacrihad 

iO App«ndli   X 

UM flrat toac «olilcU otillsad a Typa A alow «ova circuit. 

lock aooda and cathod«  aa««a61laa vor«  liquid  coo tod,   a« was tha output 

caraaUc wiaiow.    Ik> control alactroda waa aaployod sloes only pula« 

■Ddulatad Coots wars planned  for thla vahicla.    Tasts conductad oo tha 

first wohlc'.a ua«d o   lias typa  pulaad aodulator. 

UM tasts oo cho flrot v«hicl«,  doslgnatod 0251,  showed that 

th«  tuha draw currant  at  a  tow «oltago.    Thla vottaga «MS too  low for 

th«  aagnatlc   fiald   intanalty  ua«d,   and   It  Mia  found  to  b« cauaad by 

oporatloe le a bawl adga oacitlation.    Effort« to obtain itgoal aoplt- 

flcatlon «era not   loccaasfwl  bacaua« of tha band adga oaciltatio« and 

no othar IF duty could b« obtainod. 

Th« tub« «■• rabuitt  and d«algnat«d C.-SH-l.     A changa  in tha 

and hat  gaoaatry w«a ooda  to an attanpt  to coMbat   th« band  «dg« oacit- 

lation.    Wo algMt  a^tlflcatlon could ba obtainad bacauaa of tha band 

adga oacitlation which was praaant,  but  tha  noticabla nffoct of tha 

changa waa that tha «aptlf l«r would oparat« to hlghar poak currant 

lowals  In tha band  adga bafora  arcing out. 

Th« aoplifiar waa  rabullt  again and waa daalgnatad GPJt-? 

Th« daalga waa nod: f lad to chant* tK* 'rift  apaca gaoanttr oo tha cathoda 

«ub«aa«^lT  in th« ara« which would   latar ba occtMtod by th« cootrol 

alactroda 1« th« daa.gn      for th« first tias It w«s praaibla to obaarva 

algtwil  «pllflcat Ion,  but  all  data which could ba obtaload  «how«d  th« 

output  still  t« b« h««wily eontaoinatad by band «dga  iot«rf«r««e«. 



S'F-D   laboratory: Ute 

TH* m^Xitit »•• r«lK.ltt  •«! inigmt* C?5I-1.    Th. d..tga 
-• mc4itf4 one« »r« .nd th« •«M.^.thotf« .p.clBf «,,  1«^.^ ^ 

10^.    mil d..ig„ eh««,«,  couple with th« tvo otMrt «hleh h«d pr«l«««ly 

b^a -d.,   h.d ■ .igMfle««! •UMC on Rf perform.«,,     f^ tb# flr-t 

ti»,   cl..o Rf ^Ufic.tlo« m* oö..r>^.    Th« p«rfom.«e« of thU 

v-ilcl« t. AM. I« n^r« 20.    A^lifie«tU,B ««. oht.l«^ o^., .^o«!. 
Mt«ly •  300 Ml. h««« »tth coa.t«n(  «ppU«! p«^ ^u.,, of «ppn»,!^,,, 

26 kv.     PMk output  pouor  I«««!,  r.ncd  fnm «ppro«!^«^ 900 Iw w 

35 »».    Iffiel««!«. ««««d fro. .id^Oi to «pp^ 5^.    Qp^tio. ., 
fro^Mei«. high«, th.« 5.6 ou ^^ „, po..^,, ^^^ of ^ <m0#c 

of b««l «dt« coot««!«.^«« «Aleh  r..ultrd  fro. th«   In-b.^l ^«.teH«. 
I« eh« tub« (.«• rigw, 8).    o.t« m obt.in^ «t « puiM |^u of 

18 MW< «ad,  1« ort«r to .li.i«t. pcuu ^w,,, p^r p^,^ „ 

thU «arly •t«t«,  .t  « duty  factor of O.OOObJ. 

T*« C?5i-3 <«v.lop«|  « high  iuttml  i«.  pr«.,ur« «hlch ««• 
fou«. oot  to h« . lMk.    Th. cob« -. op«^ .«d  u «.. eo^ir«. th«t 
th«r. v.. «o |Mk.   lt „, .lw> ^^^ .^ ^ ^99iml ^^ M-  fottiid 

Th« t^b« «M r.^1^ .«„ p^^ .. „5^     j^^ ^^^^ w|t|| u 

"pr-t .nf CMtt,   th. vohlel« »•• «.«d to ..t.bli.h th« dc hold off 

proportl«. of th« •tn.ctor« ^.in, «.*J.    Th« v«hiel« with full mnmtic 

fl«ld ..d 00 KF drlo« fomr «pptlod olthttood yolt«,«« .. high .. 35 k, 

Aft«r rowhi«, th.t pol«,  th« tob« ... h.id  ,„ . oo«^p.r.tl, eo«dltio. 

•t  J? ktr for 30 .iHuc. ^thoot «rclot.    Tht« t«.t M. eo«.id.r^ .d^u-t. 

to por.it th« rrowot  d..lto to b« u.«d for th«  tlr.t  control «|«ctrod« 
t«lt   v.hlci«. 

T^b« Q;*m.k *•• put o« KF tmt «fiU Mi d«t« ^ich w, 

ohfin.d  confSm.d th« prorlou.ly obtained d«t«  for tob« G^H-}.    mth 

lnfrn.J   M.  pr«.«r.,   houu^r,   .«.in d«V«top«d  ««d  wh.o  th«  tob« Mt 
opoi-d  for  iMp^tiod.  1 cr.ekod c«r«.lc  «uppen  w«.  foond on th« 

c.thod«  •ub«at«MiT which  iadie«t«d oy«rh..tli.. 

1h« «««ood t««c v«iicl. M« «ir-.dy mder coo«troetloo.    Thii 
v^icl«  iecorpoi«t«d « cootrot «t«ctrod«.     It  h«d « Typ« A «lo. 
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S'F'D  lahomtwm, ime. 

ctrcult   Incorvorat tog ihm mtch thoww la figmm ft.    TIM »«coatf t—t 

v»hicl» «#«■ orlftMUr  to K#*« tlM ««w Iff« ol €«tteo4« «od thm  »MH 

c«llio4« gwmtrT •• *•• tM«d  to tufe«« Cy*JI'» •** C."^«*^,  Ntt  ihm «vU4 

of thm thmrml   IfM^HiuMt*« of ih»i  Cmmlgn «M! e«rl«lM proti|«Mi •••ocl« 

• l«! with (IM  fohrlcodo« of  (IM •«^•••«■My 4lc(ot«l • clMm«  !• (IM 

C«(IKH)W d«*tgn. 

t«v«r«l C«(IM>4« •••«■kty 4»tit« dM^i«» «vr« c«rvlo4 o«(. 

HMM Had to 4o aalaly trt(h (IM (IMOMI  copokttlif of (lM «irwiur« 

DM eoacrol •loc(ro4« port to« of ibo •«^••••■fcty Ho« H««« 4««tga«l oo 

(IM(   It will  fwactto« morm tm\l»h\f hoih «UctrUol ly «ni ■oclMotcolty. 

laprovoa COOUM coatoct with both ihm cmthr4m mnd thm coatrol atactrod« 

wilt accooat  for aott of tfca tlMrwt capabltltr tacroaaa of (IM aaw 

cachoda daatga. 

TIM ortflaal  t*thc4m mmmmblf daalg« »•• pvMlUatai a« a 

4a«trabla Hat  aat  mmnAmtory conitdea (Hat  COIIMNI« coo'.aiH   do«« mt 

eoatact  »my pordo« of (IM •••MM? •( HigH fofmntimX.    1HU raaaltai 

ia a cadiiNi» dvttg« whicH ratio«! «fpcm «>»• co«A«c(io« of f«tSo4« <fi««i* 

pat ton pw¥*r (o (Ha coalaM  tHroufH •• laawlattac caraslc.    THI« ptetarf 

ta Htf «a tMd*«ir«bt«  mmd UOMK««»«?? caapttcattoa.     TH«   •r^llfiar.   W#MA 

coatalMM  ta ihm ayaca», «tit aaa • eoataat aHteH H ^t ■ mfltctaMty 

M|H raslattvlty M  (IM(   (h«  packagMl  M^liri*r  c«a hm Haltt  a« rafvtrad 

with aaly two coftoal   coanactloM,  he(h of wHlch wilt Ha •(  tn^ifM 

fotaattat.    TIM oaw cothtxt« 4«tigf» t^mrmtmtm  {■  •vch ttMt  (Ha aaataa« 

!•  ta cootoct with HlfH patmttal  tatanwtly Hvt frvwictoa «a» aa4a 

ta ihm p«ch*i« 4«*tga to  incorper«(« (ha aacciaar? iMwUdai tooUni 

calMw iMvraol  ta HM pachaga. 

TIM »mcemd («at v^itcla,  I1..«, «aia laltlally oparatad o« th« 

pulaod (tt(  »at.    TH« e«(Ho4a mmd coatrot atactraia «ara eeawcdM 

astaraaltir.    THo (wbi 9pn-s(«4 mt  pmmk pwr  tavatt of xö In» ta  %x Ha 

at a daty eytia af 0.001.    It wot <*(*rw*ii ih««  thm mni Halt wara wtalHtf 

Hat.    THa vaHtcIa wat traatfarrad to th« 4c   (••(   ••(.  hwt  mm •«({■factory 

SI 



8'FmD   kbomior**, uw 

lafvfMClM «•• otialaatf.     Il «•■ 4*<i4m4  to T*ml\4 %*• ««A- wtlfc 

t^r^rW   «ft*   hM   coolly       nit «••  M««^U**  fcf   t» f«-«t«|  lb« 

il •?«• ^«««»MI Mrf IMC» •■! e4ifc*4« «kMit;  1.«.,  *M*fft«| cte 

it  im~4»m*      UM l«M Mt r«fr»ttf •• ll^l*l.    0^f«ilM •! tte 

t*« «•• ti ill •! MtUfMWry,  • ito^g». •««• la^fw^MH  «•• 

im mi **t €**iim     9m i^twM «««ttm »n -^i t—f* »i • #»ty 

«>..• •! 0.001 Ml«*«  ihm •* Mli litlM «Ulklr Ml.    TW   I«» 

■mltlMi •! 100 M I«   J» M «*I«IM4 •«• *M !• • f^fc fmr**m   llali 

•f «ffTMlMMly 15 ^t. •*«* «A»«11 «^ •»Hfl»f mm\4 «M ipvil«. 

UN   t«f*f««tt»n «t<«tw4   If«» l\ai-t   •••  *M<   !• IM  iMlfl 

•f (to tfc^H IMI »*bUU. 4M19MIM J|fi.    »IU • r«riMr l^^w—« 

I« IM •«! Mt   cwtli«  I»?   tftrrMtl«t  tlw »M MC  !• MlMM  tMA  c«WIMl 

•f«a «^tft,   »M • eli««t*  »• (M   IMcnMl   |—tTf I« fV«wtM • ■»?• 

MdNf« Mfllt   fUM»   IM »ftkl« i« «•• «c   tpinfi  I« pMl   pMM   l*<r«l« 

•f IO0 M I« 500 M •€?•#• IM Mal «till • •tftlMB »f ^7f •ffUl««? 

TM MM •!«  it im«   I« ri«M« ."I.    TM «T«T*t« >«»« *m%f*t «•• «pfrail* 

Mtctf t.5 M «ttk • p^M l«il* •» I? »»»^      !*••• *•«• •«• •*•• «•*•• 

a, IM   r^ltl« «M  •»• ^•••^•^   I» fltm*  79      T%« !*••• *•!•  fimt*mä 

• M*U«i*« fro«  UMMrii? «*!<* «••  ■—ifactMly  Urf«      t^l«  I* 

MpUlMi  I* CM  Melt*« •«?**•• mm*»wtmw*f 

fwriMr  «••tie» tl   «M «w«r  MM el CM Mai pf«iaMi •• mm* 

M TV ^ ** ^^ pnair MI #< «tfli •• •»•rat* t»m*t Mtfvi  •! k.) M. 

AC   «kl» Wmmg» P—   l**«».   «■ ttgalflcaM  §•• ftM«M« »r  M4 Ml 

t«^^«iwi« «a« wtai.    TM fwiMr l^fi>i ••< Mt atatUl w ^«» 

l« M ifn^n      Al  ilil« I1M(  IM wmrif •!•*•#• «apMiiar« MaM 

a«i  twtthm  iMttai Mi i« •will  ra|Mlr. 

w«  r«(«l*«i  •  f»«w»«i  trim **&   IW  •*>»• ♦^•UM lafan 

piMM A«t«.  Mivratt«« •ffaai«, ••• c#<«rel «taaCfaAa 

tMrMlMtMU« m lM ff»-^r?  la M «AnAtt* fcf  I  &^«M-.f   I #* 

•AUla« aata Mill  la MM «Mrt  ilaa •tlaccai.    TMM •«• C^li-* «ai 

US' 
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S'F'D   labomkffim, inc. 

Tub« u.'M-*   «••  iH*  flrtl  y»hUl« l*«IMl.     It «Mt ofmff4 

om tU 4t IMI  ••«  «M ^Mh pmtmw of   fie Iw 19  l^o lw «i a tfaly cycU 

of     .007 w«r« O*I«IM4.    n»li eorr««^»»^« «• •• •♦•r«t« >«*' of ?.0 Iw 

to ?.5 Im;  lh* pulao  Uogfh «*«•   '1.5 nioc. 

Al   lh*«« piMrar   tov*ttt   ihm pK#»«  ••noltlvlty to vott«t« «»•• 

«»••uro4 «nl   t« •ha^fi  I« flptf '!.     T>»o  •«MlflvlCy  It  frtfutncy 

d«p«fd«nl.   IMII   It   lott  Ihoo 1.5*   to»  •   If chonfO   In votltfo  tl  ««7 

fro^uoocy. 

A« ttita^i wot mm4m to («tt  lh« voiilcto •« lUfhor potli yowor 

l«v«tt tni op«r«tlon wot  fowod «o b« UMOI ttfoctory.     It wtt  ftU   that 

Iho vohlclt aty how« tufforod locoraol doasgt «ad wot toktofwonlty 

ofcowd.    Upoo o^volot*   K *•* «»»»••rv»4 iK*i   th« cothod* wot aot  cwocorod 

tod  CM toodo Ktd hm*n  tttfhdv <)«Mg*4. 

Duo to ttw tiat oltoitod to ofctols tho  tnfonvtion ro4uottod 

by IA0C,  It wot docldod aot to atht oay «ort dumfot to furthor dovolof 

tho v«hicl«.  but  to rtturn to tho dotlgo of  iht «ott  tucctttfut  otttapt 

to dttt,  MMly J15«.    fro« th« prwvtout  loforMttoa ohttlaad oa J15I. 

w« docHod I) rohulld I   M to rttoablt J35B.    I^o rohwilt 13*« «a« thoa 

tlalltr to J39i ta oil rotpoctt otcvpt   for t minor choat« la th« control 

tlcctrodt itoaatry.    Th« rotultt obt«ia«d w«r« pre««at»d tt  th« frcgraa 

roviow Mtttat of  I l>K«ai>«r 1966. 

n.t v»hiclt ^t de oporttod «crott aott of tho rt^ultod btnd 

•t ^oak powor  ««volt of TOO kw to 8^0 kw «t t dutr cycl« of 0.003. 

••ctuit of th« tlat «llottod «ad tho auabor of vthicltt oa hted,   tt waa 

d«cld«d to  Halt th« duty cycl« to «a arao  la »4»lch It waa («It th« 

tub« had ao choac« of bolag ifaaagad.    Th« r«aulta tr« thowa ta ftpir« 2k, 

Saturation cut-vtt  for th« v«hlcl« ar« thown In flgur« D.    Th«* Una 

jolnlt^i th« curvtt at  th« 15 kw to ?D kw lovot  tadicoto« tho «lalauai 

drlvo  l«v«l  th«t  thould b« ui«d  to avoid a high  low«! of  tpurlcmt output 

Tht coatrol oloctrodo V-l chartctorlttlct trt thown la Plgura 

26 for two lovola of poak cptratlnt currant. Th«tt V-I charact^rlattoa 

ar« c«lcul«t«d froa th« aaaaurad vttuot by tubtrtctlnt th« covenant of 

■.; 
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curraat   «*lch cK«rg«a   th«   lnt«r« l«ct ro^« etpmclfoc»  trtm it*  total 

mm*»mr*4 currmH .     Thl»  current   !•   iuhit*cf4 ^«ccut«  It ««rU« «tth 

tlM rat« of rtM of *ppll94 control •toctroi»« voltot«. ••»I»« «M «or« 

off curr.m   it  IM^onrfoot of cho rat« of rlto of volcago «od tlto tu^o 

op«rcttnt "urroot.    UM tfoco lailcoto tnot 6.? t^v p—k voltofo at   11.7 

•■pt   p*»k   currant   «r*   ro^tlrod  to  tor« off   th«  M^ltflot. 

0» 6 Docoabor 1966, J35i-I *•• co«p:«tod ood t—f4.    Initial 

oporottoo jrtoltlrj po*mt ovtfoc« to th« ord«r of 800 kw ««d of«r«tli^ 

•urtmm» im tho   >iiw of 80 o^o.    Howovor, ot  th«»«  Iwol« a tub« «re 

caua.d   UraMlOt« <}«|rad«tloe of porfonHac« «nd  th« tab« h«4 to h« 

r«-«tod.    Aft«r • Mill  of ««ich «re«  It h«c«M aor« «nd wr« difficult 

to Mlotalo th« htth«r powr  lovol«. 

•••«d oa th» porfonMW« «ad  auba«9u«nt  dotr«d«tloa of J35I-I, 

It «•• d«cld«d to Mk« • thorou«h chock of tbo dc powor tupfly circuitry. 

Itac« th« f«llttr« of J3^l-I wo« «p^rootty cotAstropklc,   It «a« f«lt 

that   th«   fault  «a«r|y dUartar alfht   not  b« opcrctlnf proporly.     An 

•Mtyila of th« circuit  did   ind««d  «how that  «v*e though th« "crou Mr" 

•fork f«p could b« h««rd to fir«,   It «•• not dlvortli« th« atorod «Mrgy. 

It hod h««» Mco«««ry to «dd ad :itioa«l capacity to th« ooorgy «torogo 

•yotoa utarnal   to tbo dc  pow«r  auppty  to  t«duca th« put«« voltaga droop 

Du« to  th«  particular «aay  In which  thla «atra  capacity Had k««n addad. 

II wa d«t«rmln«d that   th« «apllfUr  fau't   lafodaac« u«a auch  lou«r  tKar. 

that  of tbo crou bar circuit •• a««n by th« «atr« c«p«clt«nc«.    UM Mt 

r««ult  waa   tKat  aa much •«   1000 )o»!«a of anargy uoro dl««lp«t«d  In th« 

CMC uoblel«  during an arc ublch could cauaa  th« cataatropblc  falluro« 

obaarv«d. 

tl »aa  Hi*  Cboc  thla condition mi-t  b« corr«ct«d b«fora 

attoaptlng  to oparaM  tub«  IVW-^      Conaldarabl« offorc «MC   loco 

raarrangln*   th«  pow«r   auppllat  aad circuitry  to  Inaur«  prop«r  erov bar 

action      1%« circuit uoa  t«at«d by ualng an aitainai  ap«rk g«p •« a 

fault   to  taat   th«  »ffactIvanaaa  of  th« crou b«r. 
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fr«vloutl*,  a  tub« would 41afllp«t« •• auch ••  1000 JouUa of 

• MriT during •• arc,   wh»r«a«  now  It  would  ••«   I—  th*o   t   Joula.     UM 

• ffort •apwndad to obtain thla oforatloe ha« booo wcnhwMla a« «Hown 

by th« roawlta obtaloed on tub« I MM. At no clM did tbo lob« «Now 

dogradatloo aftar an arc aa bod provlouaty Happoood. 

Tbla  tub« ha« b««e op«rat«d at  p«ak powor output   lowolt of 

l  Mw and highar  at  puta«   tangtba of ?1 uaoc  acroaa • ^0 MU boad; 

I.«.,   fro« 5.65 OBt  to 5.90 Git  th« «worai« power   laval« achuvad 

aloultaooowaly rao|»d fro» 5.0 bw to 5.5 kw.    lh» «worat« «fflelaBcy 

oba«rvad Mia 50i.    At  tb« upp«r «ad of  th« band,   th« tub« ganaratad 

I..   Hw of  paak power  and < .     kw of avaraga powor output  at  an «fflclOMp 

of 5».Ml. 

7b« tub« baa «loo b««e oporatod at 600 bo to 900 kw paok powor 

output acroaa tb« 5.k8 CKU to 5.90 CM» band ar «a «vorag« powor output 

of   ^.0 kw to 4.5 kw wltb afftctaoclaa of k5# to 50i,  «ad acroaa • 

5.6 OU to 5.9 Obi band with p««k powor  l«w«la of 880 hw to  1100 kw aad 

an «varaga pow«r  l«v«l of k,k kw to 5.5 kw.    Tbla  la  «hown  in Flgura 27. 

Tba pula«  («"gtb ooa 23.5 M«OC «ad afflclaaey w«a  la aacaaa of k54. 

for thla powor   lavel  at   fr«qu«acl«a b«tow 5.6 dU,  tb« tob« «read aftar 

tha control atactroda aatlagulahad  tha pul««.    Upon tnvaatIgatloa It 

waa dlacowar«d that  th« «MgM'.r^n drtvar waa ganaratlni pmtmr at 

fraquarwcl«« otb«r  than  th« aaln algaat.    Tbaaa  fra^uaoclaa am attrlbutad 

to tb«  «lowly rlalag «ed  falling charactarlatlc  of  th« aainatro« voltag« 

pul««      Th««« arda« of operation occur «t   lower vottagra  and hence appear 

before aad aftar tb« aala algaal.    At   freeueaclea below 5.6 Oil.  theea 

apurloua outputa ware aa  long or  longer than the coatrol atactroca pulaa 

and c«u«ed the aapltflar to raatart aad to openta coatlmtoualy,  which 

laltlatad tba arcing.    Plltera ware added to the wawagulda «yataa to 

prawaat  tbeae apurloua outpota froa reaching tba a«plifi«r  Input. 

At  the 6 kw «varaga power   level  eud with the tub« operating 

voltage of approilaately 25 Vv,   tba Intarla dc power auppty waa at  It« 

upper  Halt. 

W 
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With   lh«   f»%  4c   pHMr   «««ff'f   tlMl«U*4   •Ml   •MlMCS«,   «to 

I'.*.* Mt •»•><» »f^r«!^.    Tl» «^w ©»»r««»^ •«  • f** 9*iMt  t«v«t of 

l Hw •«■»  •" •v.r-i» fotmt  l*v«t «f  10 Im.    T1M f«lt«  U«tife «Mt ?).) 

...•c  ••4  iM •fflci.ner Mt   In MC««t of ^54      ••for« fct«*wl4th «•!• 

could kt l»k—,   tm  fuM «»dtnwni   t  tuMtii ehtn«« t«i eo«N  apf   M 

o^trtitd ttovt  •  fMk  pcnwr   twtt  of   WO Int.     Il  Mt 4Mid«4 to OfM 

tlw  luM      t^o© Kwtttltttiofi  II  Mt noted  Ihnl   lh« ctllwdt htd npvtd 

off ctnltr.    11»o tfftci Mt »t  mttltd  in  iht p«»wir   Invtl of of«rtilnn. 

Hit circuit  Hod not  ht*n 4mmf4 «nd  It Mt dncldnd to rotottd thn  tnko 

with tlw ettfedt Hntd ■or«  flntU  In floe«. 

Milt« Um Mt b«l««  lnv«ttlt«t«4(  Ink« J!^-? M« fl«c«d on 

hot  t«tt.    TS« tnh« h«d hM« op*r»f*i tt  p***  paMr  IOMU of ontr 

3]C Im to  300 Im nhon • high h«ch«round pr«ttnr« Mt not«d.    Th« 

V«CI-H^    r«0 operation Mt tMt«ct«d «nd  It  Mt d«cld«d  to r«flac« th« 

p\mv «nd to rtlMho th« t*A«.    Mhll« th« tnh« Mt on th« taluMisV «t«ilon 

tnd tt t t«^«rtturt of kOOTii,  th« t«ht dM«lopnd • iMk.    UM tMk Mt 

dltcoMrod  In th« c«thod« «tttafely.    Th« circuit M« net  d«M|«d tnd   It 

Mt d«<.;««d to r«bttltd th« tab« ulth t mm c«thod«. 

Tub« No.   1 J.K-. Mt dtil«tr«d  to hot   t«tt.    WMl« on hot  t««C 

only •  «hort uhll« th« tuh« d«¥tlop«d •  SMII.    Th« tuh« Mt o|>«n«d tad 

tine« th« circuit  hod net bttn Jtigid,  Ch« tuh« Mt r«hullt.    Th« 

rttnttldli« eoMlttod of ro^Uclnt «nd aodlfylnt • mmtmr of th« Inpyt 

• ■t«Mbtr uhlch h«d M«k«n«d.    Th« r«Mlnd«r of th« tttanhly tunil tight 

•^ r«^ulr«d no tdditlonet uerk.    Aft«r th« tub» Mt btkt4,   tt Mt 

rutuniad  to th« hot   t«tt tr«t uhtrt tht fetckground pr««iur«  *•*—<> 

tbnonMtly high.     Th«   tub« Mt   iMk  chtcktd  tod «  «Mil   t««k Ml 

dleeov«r«d  In • c«r»nlf-to-Mt«l  «Ml  In th«  input ••••■(bly.     In erd«r 

to «vtluttt th« tub« without  lotloi further ttan In rnhulldlng,  th« 

tMk Mt ■««ttd with glrptol end the tube Mt reheked.    The tub« M« 

retwMd to hot  t«tt uh«r« efter e thort eise Che  l«tk reeppMr«d. 

Tube J35i-^ Mt no« «Mlleble end It Mt d«cld«d to cvelMte 

chit cube rether Chen to contltme Mrklnt with 1)^1-5.    UM tube Mt 
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• l«l  «trf   .i.ki.i..J  •!   •   i»«b  pmtmf •mifm*  of SOD k« to   «OK   kw,   «liHm^fc 

• • mm* •• kOO Iw I« 500 fc» ••»• «efM  4vrli«   IstlUt  «ftn«       r«rth«r 

•t><«  NU«4   !•  kfl^l  Ilk»   IwM  I« •  MiMr   t«V«t.      It  «W«  4*<14  4   to 

Hi«»»!« <IM «*• •»«* »»r——< MtMf« !• «Mfr« ^r«iM«t «i|wt 

•f«r«iU« will» «lactroMiMt  rf«r«tlo«.     k*t«lit  «how»« iMl  i^-r« «•• 

MffUtMM   Mt**!    fl«U    r*f   9f«r«lle«. 

TIM  ftMt  4««ta« tu*«,  C15I«  •••  ■p*» r»*4*  for  IMl.     TH« 

t«k« «•• ^«4 t«l ttskllta*!  1« flM 900 kw to   IDD tw ft*  powvr  o'jf^ji 

Irr«:  ••! «*l%tt«tf rtotottlM tlalUr !• im-).    T1M  ll»tl«4 of«r«llo« 

pf»f f< •• (•»••tt|ot to«  lute tlM ^esslkt« 4lff»ro«r*« k«tv««o tM«» 

fMlltnUr  ««•••  »ai  C«k«  IS»<1 **»leh  |«wr«t*4   t  if» p»**   povmt  omtfrnt 

•I  Nil  *mtf       TIM  i«rt«(ttlltMi  ■iMwfg  tM(   llM C«CIM4«-««»4«  -oat««- 

ttUlly «•• •• «Mil ••  lOt 4lff«r«M.     IC «•• 4«ct4*4 t«  try to pi»'.« 

IIM c«tfc»4* i* • fQ«ii!o« «laiUr to CIMI or X\M-\ hf «fftyl^ •• 

MtortHl   fore«  to  tlM e«tlie4«.     T^U «••  fir«!  «tt«*!  on JJM'l,  «Alcii 

«••  MM   lM*t  <l«f»»il«r  to I)»-!.     It« tyfc«  aet  only rMtit«4 ClM 

V00 kw to 500 k» prwlowolr noto4 4uri«|   tM  •!>«• proc«««,   Nrt 

•9^re«dM4 UM 600 ta»  t«v«l. 

Vttll Ullt  —■•••  U »la^  It  «•• 4*cl4md   to  p«rf«ff« llM 

of«r«tlo> CHi 6151.    AttlwH^  iaprovowot  «M«  mf4.   It  «#••  not   •• 

• l|»tric«M  ••  tlMt   «Dt*4 with J»^-1.     r-li MI 4«* to  th«   ltd   that 

0151 Mt «or« ^ttiiaiiar to I\.II-^.••i with th« iiattod wmnmam 

il l«bl«, furtHor   Imfrnvwmmml  cov\4  mi   k« oktctnod. 

Tt  «•• de'ld«^   to  fMchat*   »h«   tub« wltk ^«nwWM  «StMlt  t« 

tk« ^ochogii«  tochnl^M«.     Thm   tuk«   l«  now oy«r«tt«t  I" ?h#   ftMl 

^•ch«g« «t   lovcla  «tailsr  to tk«t  ^rlor  fo ^chagint 

Xhm 4«t« •?• ttwuni in Taklc I tmt ir*p«itc«lly  la tl|«r« 26. 

Pkototraflii  «Howli«  th«  «kialdnd  Mcluif« «Htk «atknat  coMwctlotM  «fid 

ClM   lottrrwl   «tructur« with «iMtlaln« col It   In pl«c« «m «kown In 

rifwo« 39  »mi JO. 
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FIGURE 29   PHOTOGRAPH OF MAGNETICALLY SHIELDED PACKAGE, 
INTERNAL VIEW 
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FIGURE 30       PHOTOGRAPH OF TUBE G15I, MAGNETIC/OXY 
SHIELDED PACKAGE 
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5.0  CONCLUSIONS 

The tube developed during this program Is a pulsed crossed- 

fleld amplifier which operates from a dc voltage supply through cold 

cathode operation with RF turn on and control electrode turn off.  The 

amplifier operation has been demonstrated at peak power output levels 

of I Mw and higher at pulse lengths of 23^sec across a 250 MHz band 

from 5.65 GHz to 5.9 GHz.  The average power achieved simultaneously 

ranged from 5.0 kw to 5.5 kw.  The average efficiency observed was 50^ 

and the operating voltage was approximately 25 kv.  At the upper end of 

the band, the amplifier was operated at 1 Mw peak power and 10 kw of 

average power.  The amplifier was also demonstrated with a 600 kw to 

900 kw peak power output across 5.1+8 GHz to 5.9 GHz. 

The phase performance of the amplifier was also demonstrated 

to have the following characteristics:  phase sensitivity to voltage was 

approximately 1 per 1$  change in voltage across most of the band; 

phase sensitivity to RF drive power varied from appro; imately 6° per 

1 db change at the low frequency end of the band to less than 1° per 

1 db change at the high end of the band.  The phase deviation from 

linearity was demonstrated to be approximately 20° peak to peak with 

the tube operating at the 700 kw to 850 kw level with the RF input at 

50 kw.  The deviation from linearity was found to be periodic and 

related to a feedback mechanism in the tube.  The cold, that is non- 

operating phase deviation was found to be approximately 10° peak to 

peak with the same periodicity as in the operating amplifier.  It was 

therefore concluded that the feedback results from insufficient decoupling 

of the RF power between the input and output sections of the slow wave 

circuits. 

In general, most of the target specifications have been 

achieved and demonstrated but not necessarily at the same time. 

A magnetically shielded packaged amplifier with integral 

magnets was constructed and delivered.  The package has a 10 inch 
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diameter and is 32 inches long.  The input and output waveguides are 

arranged parallel to the axis of the amplifier and are located at the 

ends of the package.  The coolant input and output and the high voltage 

connections are located on the input end of the package. 

The performance of the packaged amplifier fell short of the 

target specifications.  Operation was limited to 200 kw to 300 kw peak 

power output at reduced voltage.  The reduced performance was due to a 

severe anode-cathode eccentricity which could not be corrected with the 

remaining funds and time. 
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6.0  RECOMMENDATIONS 

The SFD-23T, in Its present state, very nearly meets the 

minimum specifications.  However, it appears to be quite possible to 

extend the operation to meet the full target specifications of 1 Mw 

peak power output across the full 500 MHz band.  In order to accomplish 

this, it would be necessary to alter the dispersion characteristics so 

that the tube would operate at a higher range of phase shift per section. 

To alter the phase shift range, a slight adjustment of the anode slow 

wave circuit will be necessary.  No further major change is deemed 

necessary since the vehicles have demonstrated their average power 

capability. 

A very interesting area of future study Is the possibility of 

introducing "self-turn off"; that is, to have the amplifier cease 

current conduction when the RF drive power is removed.  Removal or 

reduction of the control electrode  turn off would consHerably simplify 

modulator requirements. 

A third area of study should be experiments to determine the 

operating life of this type of vehicle at high peak and average powers 

with relatively high peak and average cathode current.  Very little Is 

known of the operating life of cathode materials in this operating 

.ange. 
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APPENDIX 

TEST PROCEDURE 

SPD-237 
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1,0     PURPOSE AND SCOPE 

The purpose of  this  document  is  to specify the test procedures 

to be used in demonstrating  the conformance of the SFD-237 to the speci- 

fications of Exhibit  "A"  (as modified)  of Contract AF 30(602)-U082. 

The specifications are  included. 
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2.0    STANDBY MECHANICAL TEST 

The  static water pressure  test   shall  be performed on  the 

coolant  chambers  by applying water at  U5   splg minimum.     No  leaks  shall 

occur in the coolant  chamber  fittings.     The  time of the test  shall be 

at   least one  (l) minute. 
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3.0 OPERATIONAL  TESTS 

3.1 Pre-test  Conditions 

The following conditions shall be set before starting the 

test. 

3.1.1 The coolant flow rate shall be set at 2.5 ±0.1 gpm. 

3.1.2 The calorimeter flow rate shall be noted and recorded on the 
Acceptance Test Data Sheet (ATDS). 

3.1.3 The calorimeter thermometer readings shall be notwd for the 
initial At after a sufficient time has elapsed to allow for 
thermal equilibrium.  The initial At shall be recorded on 

the ATDS. 

3.2 Test Conditions (Minimum Acceptance Conditions) 

3.2.1 The RF pulse length shall be set at 19-21 psec measured at the 
3 db points on the RF pulse envelope.  The repetition frequency 
shall be set for a maximum duty cycle of 0.01. 

3.2.2 The RF input power shall be set to 70 kw peak maximum at the 
input to the crossed-fleid amplifier (CFA) at all tePt fre- 
quencies.  The RF input power shall be monitored by suitable 
means to Insure proper drive power at all test frequencies. 

3.2.3 The control electrode voltage pulse shall be set at 8.3 kv 
maximum.  The pulse shall be positioned so that it begins at 
the point where the RF input pulse power drops approximately 
I db below the average peak value.  The control voltage shall 
be maintained until the RF drive power is completely removed. 

3.2.U With the drive turned off and with the control electrode voltage 
properly adjusted for time sequence as described above, the dc 
power supply shall be turned on and set to the specified operating 
voltage (-25 kv maximum).  The RF drive can now be applied. 
This procedure shall be followed each time the dc voltage Is 

removed from the tube. 

3.3 Power Output 

With the control electrode voltage properly applied and with 

the dc voltage set at the specified value, the power output shall be 

measured as dei cribed In Section U.2.  The RF input power at the CFA 
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Input shall not exceed 70 kw and shall be adjusted at each test fre- 

quency.  The power output shall bt ..easured at 0.01 GHz increments 

from 5.U GHz to 5.9 GHz. 

The dc voltage setting shall remain fixed at the specified 

value throughout the test and this voltage shall not exceed -25 kv. 

The average current shall not be more than 0.700 amps for the 0.01 duty 

cycle.  The average output power shall not be less than 7 kw nor more 

than 11.1 kw at any test frequency in the band.  Each measurement of 

voltage, current, and power output shall be recorded on the ATDS. 

3.U Efficiency 

The efficiency shall be calculated on an average power basis 

from the results obtained in Section 3.3.  The efficiency is defined 

as the ratio of RF power output to the product of the average current 

and the dc volt'ge.  The minimum efficiency at any test frequency shall 

be UO^t.  The average efficiency shall be U5$ minimum.  The average 

efficiency is defined as the sum of the efficiencies obtained at the 

eleven test points divided by eleven. 

3.5 Starting Time Jitter 

The starting time Jitter shall be measured by observing the 

pulse to raise variation of starting time references to the RF input 

pulse.  The leading edge of the envelope of the RF output pulse will be 

displayed on an oscilloscope which hds the time base triggered by the 

envelope of the RF input pulse.  The time base shall be 10 nanoseconds 

per centimeter.  The starting jitter shall not exceed 10 nanoseconds 

as observed during any 1 second interval.  This measurement shall be 

made with rated powev output at a frequency of 5-9 GHz.  The measure- 

ment data shall be recorded on the ATDS. 
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3.6 Phase Linearity 

3.6.I The phase linearity shall be measured using the method described 
in Section 4.3.  The measurements shall be made In CO1» GHz 
Increments from 3.U GHz to 3.9 GHz with the amplifier operating 
at rated conditions.  The deviation from linearity is defined 
as the departure from a straight line drawn through the eleven 
measurement points.  The maximum peak to peak deviation shall 
not exceed TBS degrees. 

3.6.:? At the frequencies of 5.U GHz, 5.63 GHz, and 3.9 GHz a calibrated 
VSWR shall be interposed between the CFA and the load.  The 
calibrated VSWR shall be the equivalent of a 2.^:1 mismatch as 
seen through a circulator having at least 20 db isolation between 
input and output.  The circulator input VSWR shall not exceed 
1.25:1 when the output is terminated witn a attached load.  The 
phase of the calibrated VSWR shall be adjusted to obtain minimum 
RF output power at rated /oltage at each of the three frequenclea 
The deviation from the straight line drawn through the three 
points shall not exceed plus or minus TBS degrees. 

3.7 Spurious Power Output 

The spurious power output shall be measured by the method 

shown in Section h.k. 

3.7.1 The spurious power output with the beam on shall be at least 
35 db below the signal amplitude when both signal and noise are 
measured using a 3 Ml2 bandwidth filter.  Spurious power output 
shall be checked from 5-3 CHz to 6.0 GHz excluding a band plus 
or minus 10 MHz around the center of the signal spectrum.  The 
measurements shall be made at ',.h  GHz, 5.65 GHz, and 5*9 0Hz 
and recorded on the AIDS 

3.Y.2 The spurious power output with the beam off will be measured 
using the method described in Section U.3.  This test shall be 
conducted only after completion of all tests mentioned above. 
The spurious power output with the beam off shall not exceed 
-IOU dbin/MHz over the operating band between ^.h  GHz and 
5.9 GHz. 

3.8 Fhase Tracking 

The phase tracking characteristics shall be measured using 

the method described in Section U.3 and compared with a suitable standard. 
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U.O    MEASUREMENT TECHNIQUES  FOR ACCEPTANCE TEST  PROCFDl'KbS 

All electrical test equipment pertinent to the measurements 

indicated below are calibrated in the S-F-D laboratories1 Calibration 

Control  Program. 

U.1     Tube Operating Parameters 

U.l.l     Voltage 

The vo!;age will be measured with a Sensitive Research Instru- 
ment Co. electrostatic voltmeter, Model Eshpot. 

1»..1.2 Average Current 

The average current will be measured with a Weston dc milliammeter, 
Model 1761, or equivalent. 

U.I.3 Frequency 

The frequency will be measured with a Hewlett-Packard frequency 

meter, Model J532A. 

U.I.U  Duty Cycle 

The duty cycle will be measured using a Tektronix oscilloscope, 
Model 5U3A with a type CA plug in unit. 

U.I.5 RF Power 

The RF power will be measured with a calorimeter (as explained 
under Section U.1.6, Power Output) and/or by a Hewlett-Pf-rkard 
microwave power meter. Model USOC, in conjunction with calibrated 
directional couplers. 

U.l.6 Power Output 

The power output of the tube will be measured on an average power 
basis using a water load and calorimeter, as shown in Figure 1. 
The VSWR of the water load will be measured across the frequency 
band and shall be less than 1.10:1. 

The calorimeter flow rate is adjustable up to at least 2000 cc/min 
and the thermometers are marked in divisions of 0.1°, yielding 
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A  Modified SFD-313 magnetron 

B  Bogart C-band water load 

FIGURE 1   TEST SET FOR MEASURIMG POWER OUTPUT 
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• resolution of about 0.05°.  (At a 1000 cc/min flow rate, a 
0.1  temperature difference corresponds to less than 7 watts 
of average power.  Thus at the rated average power, the resolu- 
tion error is less than 0.1^.) 

The calorimeter will be calibrated using a substitution method. 
A water-cooled resistance will be placed in series with the 
water load. With the flow rate at 1000 cc/min and the inlet 
water set at a reference temperature, a known amount of (60 Hz) 
power will be applied to the resistance.  (This power will be 
measured using a standard calibrated.wattmeter.) The power will 
then be calculated from the temperature rise of the thermometer 
and a calibration curve for the calorimeter will be made.  All 
measurements are made when the system reaches equilibrium condi- 
tions (approximately 3 minutes after making any change). 

An accuracy of plus or minus 3^ is anticipated. 

^.2 Phase Measurements 

Tt.e technique to be used is a modified version of a null detec- 

tion method as shown in schematic form in Figure 2. 

The length of the input arm of the phase bridge is adjusted 

•o that the rate of change of phase with frequency of the output arm 

la adjuated with the amplifier operating at approximately mid-band. 

The total linear change in phase with the amplifier operating should 

not exceed 50 when the amplifier la tuned across the operating band 

of frequendea. 

The measurement to be made is the phase deviation from a 

straight line so that the measurement begins by balancing the bridge 

using the preclaion attenuator (H) and the phase ahifter (G) to obtain 

a deep null aa viewed on the oacilloscope (P). Thle initial balancing 

My be atartcd at either end of the operating band with the amplifier 

operating.  The measurement proceeds by tuning the frequency across 

ehe operating band in approximately ten steps. At each step, the phase 

ahifter (G) la adjuated to bring the display to a null on the oacillo- 

acope (P).  The amount of phase change la read directly from the phase 

--——— 
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Modified SFD-3I3 magnetron 

Harda Model IO83 directional coupler 
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Hewlett Packard phase shifter Model J885A 

Hewlett Packard precision attenuator Model J382A 

PIGORE 2 PHASE MEASUREMENT TEST SET 
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shifter (G).  The precision attenuator need not be changed after the 

initial adjustment since the amplitude of the signal in both arms will 

remain essentially constant.  The eleven points so obtained are plotted 

as a change of phase as a function of frequency, and a straight line 

is drawn through the points.  The deviation from linearity is measured 

as the distance between the line and the recorded point. 

The components of the phase bridge are especially selected 

for this type of measurement (high directivity directional couplers, 

low VSWR attenuators, etc.) so that measurement errors (particularly 

errors due to reflections from system components) will not be a major 

problem.  The system should have a plus or minus 1 accuracy. 

U.3  Noise Measurements 

The block diagram of the noise measurement test set is shown 

in Figure 3-  In this set up, a portion of the amplifier signal is mixed 

with a local oscillator to obtain a 30 MHz output.  The local oscillator 

is a linearly swept backward wave oscillator (BWO) whose frequency range 

is k  GHz to 8 GHz.  The output of the mixer is fed through a 3 MHz band 

pass filter centered at 30 MHz.  This signal is fed through an IF strip. 

The output is displayed on an oscilloscope.  By using a calibrated 

attenuator in the IF strip, the power output at any frequency can be 

compared to the power output at the signal frequency. An accuracy of 

plus at  minus 1 db is expected. 

To measure the noise with the beam off, the system is cali- 

brated against a calibrated noise source.  The output of the CFA with 

the specified voltage applied is mixed with the swept local oscillator 

and compared with the noise obtained from the calibrated source. 

k.k    Interpulsfe Noise Measurement 

The block diagram of the interpluse noise measurement set is 

shown in Figure U. 
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FIGURE 3 NOISE MEASURQIEOT TEST SET 
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FIGÖHE k      IOTERPÜLSE NOISE MEASURQIENT TEST SET 
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This measurement is to be made by running hot water through 

the CFA coolant channels so that the temperature of the CPA can be 

raised to somw value above the ambient temperature.  The RF input port 

to the CFA is to be terminated in a matched load and a dc voltage is 

applied to the cathode.  The RF output port is coupled to a balanced 

mixer.  A calibrated noise source is provided to calibrate the entire 

noise detection system.  The interpulse noise output of the CFA is 

then compared against the calibrated source across the operating fre- 

quency band. 
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SFD-237  PERFORMANCE SPECIFICATIONS 

Center  frequency 

Instantaneous bandwidth 

Peak power output 

Average powe«-  output 

Gain 

Cathode voltage 

Control electrode mu 

Efficiency 

Minimum 

Average 

Phase linearity 

Phase tracking 

{ 

Pulse width 

5.65 GHz 

Min:  2 db    1 S00 MHz (with con- 
Target:  1 db  / stant voltage and 
Goal:  0.25 db j constant drive 

Min:  TOO kw 
Target:  1 Mw 
Goal:  2 Mw 

Min:  7 kw 
Target:  10 kw 
Goal:  20 kw 

Min:  10 db 
Target:  13 db 
Goal:  15 db 

-25 kv maximum 

3 minimum 

Min: kJl 
Target:  50* 
Goal: 55* 

plus or minus 2.5 degrees maximum 
from linear across the 500 MHz band- 
width (objective) 

plus or minus 5-0 degrees maximum 
across the 500 MHz bandwidth between 
any two of any number of amplifier« 
operated in parallel under identical 
dc and frequency conditions (objective) 

Shall be capable of the following: 

Mln: 20 |isec 
Target:  50 »isec 
Goal:  60 Msec 
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Load VSVm capability When operated with a circulator, a 
mismatch of up to 2.5:1 at any phase 
angle sihall not alter any other para- 
meter outside of the specification 
limit 

Starting time Jitter 

Noise 

Cooling 

Magnetic field 

Package 

Dononstrat ion 

Shall not exceed 10 nanoseconds, with 
5 nanoseconds as an objective 

-10^ dbm/MHz maximum contributed by 
the tube during the interpulse period 
am' -35 db during the pulse (3 MHz 
integrated) 

Water cooling shall be employed with 
one input and one output connection 
to the package at ground potential 

Permanent magnets shall be employed 

Maximum transverse dimension is 9 inches, 
Package shall be magnetically shielded 

The contractor shall demonstrate^ at 
the contractor's plant, that the tube(s) 
operate in accordance with the speci- 
fication stated herein.  The demon- 
stration shall be conducted in 
accordance with the approved test 
procedures. 
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?A C-band phased array crossed-field amplifier, capable of delivering I Mw peak 
power with 10 kw average power output over a 500 MHr band centered at 5.65 GHz. has 
been developed.  This tube is dc operated with control electrode turn off and is 
packaged in a 10 inch diameter magnetically shielded package with integral permanent 

sMgnats. 
This tube employs a new slow wave structure developed under an earlier program. 

Hatching studies on this circuit, the helix coupled vane (HCV) circuit, have resulted 
In a good match over approximately I GHa. 

A cathode material study evaluated several materials for use in the high power 
dc operated amplifier.  An Impregnated tungsten matrix type cathode was used on 
the program as a result of this study. /r*" ' 

Peak power levels of TOO kw to 805 kw at a pulse length of approximately 32, naec 
with nearly full inatantaneous bandwidth resulted from dc opeation of a vehicle 
In an electromagnet.  This tube subcequently operated at 5.9 GHa and generated I Mw 
peak power output with 10 kw of average pover output. 
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Phase measurements were performed on three vehicles, 
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